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blocks of shale into a vertical mined-out cavity, creating underground
chimneys of fractured shale (Figure 22). After 10 to 25 percent of the
shale in the chimney is removed, air is blown down through the remaining
crushed shale and the top is ignited with a burner that can be fueled
with shale oil or off-gas from other retorts. On ignition, the burner
is withdrawn and steam is mixed with the inlet air to control the process,
The liquid and gaseous products flow to the bottom of the chimney,
leaving the carbon in the shale behind as the main source of fuel for
the slowly advancing flame front.

Occidental Petroleum began a series of field tests on its modified
in situ process at Logan's Wash in Debeque, Colorado, in 1972.  Three
retorts, 30 feet across and 72 feet deep, each containing 6,000 to 10,000
tons of oil shale, were created.  The subsequent series of tests are
being used as the basis for three commercial-scale retorts that are
30 to 40 times larger.  Occidental Petroleum has also leased Colorado
federal oil shale tract C-b for shale oil recovery with modified in situ
technology on a commercial scale. Full-scale production of 57,000
barrels per day was originally planned for 1983, but plans now call
for full-scale production in 1987.

LETC Process

The Department of Energy at its Laramie Energy Technology Center (LETC)
is sponsoring several field projects to demonstrate the technical and
economic feasibility of shale oil recovery by in situ methods.  The
projects include in-house research and joint government-industry efforts
(Table 19).

LETC began its study of true in situ processes in the early 1960s
with laboratory tests, simulated pilot-plant tests on 10-ton and 150-ton
retorts, and field tests at Rock Springs, Wyoming.  The results of the
tests were encouraging, demonstrating that it was possible to move a self-
sustaining combustion zone through an oil shale formation and produce oil.
The technique appears, at this stage, to be more suitable than the other
processes described so far for thin oil shale formations.

The underground shale is prepared for the LETC process by first
boring injection and production wells into the shale (Figure 23) and then
increasing the permeability of the formation by conventional fracturing
techniques.  (LETC tried electrolinking, well-bore shooting, and hydraulic
fracturing, and found that the sequential use of hydraulic fracturing and
explosives succeeded best.) Once the formation has been fractured, hot
gases are forced into it to heat the area around the injection point. As
the desired temperature is reached and air is substituted for the hot
gas, combustion begins and becomes self-sustaining across a front that
gradually moves through the bed.  As retorting progresses, oil and gas
products are pumped out through the production well.